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RESULTS
The abundance of raptors depended only on habitat type (Table 1). Raptors were more abundant 
in areas with both trees and cereal. Results were similar if we only considered “conflictive species”
(those perceived as partridge predators). 
On the other hand, abundance of steppe birds was affected by both habitat and game 
management variables (Table 2). Steppe birds were more common in areas with more agricultural 
and less arboreal vegetation, but after controlling for habitat, they were more abundant in areas with 
more keepers, more intensive fox control and higher number of feeders. Additionally, they were 
more common in social (non-profit) HMUs and less common in intensive HMUs.
INTRODUCTION
In Europe, hunting and its associated 
management has been performed for centuries and 
has had profound effects on our landscapes and on 
the biodiversity they hold. There are a number of 
studies addressing the effect of hunting 
management on the populations of game species. 
However, the relationship between hunting and 
non-target species has received much less 
attention.
METHODS
Birds were surveyed in summer (July) in 53 hunting 
management units (HMUs) with different management 
intensity, from fixed points (58 ± 61 points per HMU). 
Observation points were located every 700 m along 
surveys. In each point, the number of birds observed 
during 10 minutes was recorded. We calculated  
abundance of steppe birds and raptors as the average 
number of individuals per 10 observation points. We 
also recorded the habitat types within 250 m around 
each point.
Information about game management was gathered 
through interviews with game managers. This included 
number of game keepers, number of foxes controlled 
annually, and number of feeding points. Additionally, 
we included the hunting regime: 1) social HMUs, 
managed by local non-profit hunting societies; 2) 
private HMUs, with economic interests; 3) intensive 
HMUs, a special type of private HMU in which the 
management is almost exclusively based on the legal 
release of thousands of partridges. 
We modelled the abundance of each group of species 
(5 steppe birds species and 25 raptor species) in each 
HMU according to habitat variables and game 
management variables with forward-backward 
stepwise GLMs; the response variable was fitted to a 
Poisson distribution. Initially, we modelled abundance 
with habitat variables only and then performed a 
combined model with the variables selected in the 
habitat model and with the game management 
variables.
AIMS
We investigated the relationship between hunting 
management and abundance of birds of 
conservation concern in small-game hunting 
areas in Central Spain. We focused on steppe 
birds and raptors, potential competitors and 
predators of the main game species in the area, the 
red-legged partridge (Alectoris rufa).
CONCLUSIONS
Abundance of both raptors and steppe birds depended mainly on habitat. In addition, management
for partridges seems to have positive effect on steppe birds, that share habitat requirements with 
them. Specifically, the number of game keepers was positively associated with the abundance of 
these species, which means that some management activities may favour high abundances of steppe 
birds. The fact that the relationship with intensive regimes was negative suggests in contrast 
competition with the high number of partridges released in those areas. There is no evidence that 
management affects the abundance of raptors, potential predators of partridges. Further studies
are needed to confirm these results (e.g. including spring, not only summer, data).
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Variable Estimate Std. error z value Pr (>|z|)
Intercept 1.62 0.175 9.22 ***
Uncultivated land -0.0212 0.00858 -2.47 *
Short shrubs -0.0311 0.0124 -2.51 *
Trees 0.00608 0.00279 2.18 *
Cereal 0.00548 0.00316 1.74 0.0827
Area of the HMU 0.0000171 0.0000108 1.59 0.112
Variable Estimate Std. error z value Pr (>|z|)
Intercept 3.79 0.227 16.7 ***
Tall shrubs -0.0637 0.00659 -9.67 ***
Trees -0.0720 0.0165 -4.35 ***
Short shrubs -0.0684 0.0170 -4.02 ***
Uncultivated land -0.0508 0.00732 -6.94 ***
“Dehesa”: herbaceous crops with oaks -0.0588 0.0116 5.33 ***
Olive trees -0.0228 0.00619 -3.68 ***
Game keepers per km2 2.90 0.544 5.33 ***
Foxes controlled per km2 0.0986 0.0203 4.86 ***
Area of the HMU -0.0000407 0.0000123 -3.32 ***
Feeders per km2 0.0242 0.00640 3.77 ***
Hunting regime “intensive” -0.801 0.342 -2.34 *
Hunting regime “social” 0.286 0.194 1.47 0.140
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